For many years, many researchers had taken it for granted that the martensitic phase of Ni 2 MnGa was the tetragonal structure. The common knowledge as regads the magnetic moment of the Heusler alloys including Mn was around 4.0 B per formula unit (f.u.). However, Brown et al. newly observed the super-cell structure as the martensitic phase and reported the small magnetic moments on Mn in Ni 2 MnGa. In this paper, the electronic structures are calculated and magnetic moments are estimated for Ni 2 MnGa in the L2 1 and martensitic super-cell structures. In our calculation, we obtained a variety of magnetic moments on Mn in the martensitic structure and that values are largely different each other.
Introduction
Many researchers are energetically discussing Ni 2þx Mn 1Àx Ga (x ¼ 0:18$0:2) for its striking property as the multi-functional shape memory alloy. Ni 2 MnGa is the base of those alloys and has the Heusler L2 1 type structure at high temperature. Ni 2 MnGa is a ferromagnetic shape memory alloy and the Curie temperature and the martensitic transformation temperature are 370 K and 202 K, respectively.
1) The martensitic phase of Ni 2 MnGa had been considered as a tetragonal structure and it has been widely accepted as the common knowledge for long years. There is another common knowledge about the Heusler alloys including Mn that the magnetic moments of them per formula unit (f.u.) are around 4.0 B . Nevertheless, in the recent experiments, the small moments are reported. Brown et al. examined the structure of Ni 2 MnGa in detail, and reported the premartensitic and martensitic phase, which are represented by Pnnm in the space group.
2) We adopt their martensitic coordinates and take the ratio of their lattice constants into our calculation. The image of the martensitic transformation from the L2 1 structure to the martensitic phase is shown in Fig. 1 . By taking another area for the unit cell, that martensitic phase is also called '14M' in accordance with Ramsdel notation. Hereafter, we call this martensitic structure '14M'.
We focus on this martensitic super-cell, the 14M structure, of Ni 2 MnGa in this paper. The electronic structures of Ni 2 MnGa are calculated for the 14M structure and compared with those of the L2 1 structure. The total energies are calculated to investigate the phase stability of the 14M structure. The magnetic moments due to the spin polarization are estimated and the existence of various moments on Mn is found. To understand them in detail, the densities of states (DOS) are examined.
Crystal Structure and Method of Calculation
We treat the two different structures, the parent phase of the L2 1 structure and the martensitic phase, within the same symmetry to calculate under the same condition as possible. They have the same symmetry of the Pnnm, 2) the 58th space group symmetry in the 'INTERNATIONAL TABLES FOR CRYSTALLOGRAPHY'.
3) The unit cells can be seen in Fig.  1(b) . The lattice constants of the martensitic structure, a marten. , b marten. and c marten. , are approximately represented by the lattice constant of the L2 1 structure, a L2 1 . The relations between them are as follows:
and c marten. ; a L2 1 . In that group symmetry, each element is classified into four atomic sites, respectively. We should distinguish each four atom, so we follow the Brown's model, 2) i.e. we distinguish them by the sequential number after the symbols of chemical elements, for example, Ni1, Ni2, Ni3 and Ni4. However, in the L2 1 structure, the four atomic sites have the same circumstance, so we do not distinguish them. Marten. Band calculations are carried out self consistently by the LMTO-ASA method. 4) The exchange correlation potential is treated within the framework of the local-spin-density (LSD) approximation. 5) To find the reasonable equilibrium lattice constants in the L2 1 structure, the radii of the atomic spheres are determined. The ratio of the radii is r Mn :r Ni :r Ga = 1.068: 1.00:1.082.
Results

Total energy and band energy
To determine the lattice constants theoretically, the total energies are calculated as a function of the lattice constants. The minimum value of the total energy gives the theoretical value of the lattice constant. The theoretical values of the both structures are shown in Table 1 . The theoretical values are 1.0 and 3.6% smaller than their experimental values for the L2 1 and the 14M structure, respectively. In this section, we will discuss the electronic structures calculated at the theoretical lattice constants.
The total energies of the two structures are compared in Fig. 2 . It was found from the result that the 14M martensitic phase is more stable than the L2 1 parent phase.
The band energies (E B ) for the two structures are calculated to examine the role of the constituent atoms in the stabilization of the crystal structure. They are estimated by integrating the one-electron energies (E) weighted by the density of states (DOS) over the states occupied by electrons. We evaluated the E B of each constituent atom from the local DOS, and the difference between E B (ÁE B ) for the two structures. From the sign of the ÁE B for each atom, we can roughly judge the contribution of the constituent atom to the stability of the crystal structure. The band energies reveal that Ni4 and Mn4 contribute largely to stabilize the 14M martensitic phase. The displacement of these two atoms from the L2 1 coordinates is the largest and these two atoms are the pair as the nearest neighbors in both structure. This result may give us a hint of transformation to the 14M phase.
Magnetic moments
The magnetic moments due to the spin polarization are estimated for each atom. In both of the L2 1 and 14M structures, there are four atomic sites for each atom, but in the L2 1 structure, their sites are actually the same, so, one value of each atom is shown. The magnetic moments for the L2 1 and 14M structures are shown in Table 2 . The moments estimated at the theoretical lattice constants are smaller than those of at the experimental lattice constants. This tendency is noticeable in the 14M structure.
Until now, a various magnetic moments of experimental values are reported. Webster et al. reported 4.14 for the L2 1 structure at 0 K, 1) Brown et al. reported 2.4 for the L2 1 at 300 K and 3.07 for the 14M structure at 20 K 2) and Kikuchi et al. reported 3.81 at 4.2 K for the martensitic phase in the unit of B /f.u. 6) The magnetic moments on each atom are obtained in this calculation. Concerning the moments on Ni and Ga, the differences of the values between in the L2 1 and in the 14M structure are negligibly small. On the contrary, the differences of the values on Mn in the two structures are apparent as contrast with those of Ni and Ga. We obtained a variety of magnetic moments on Mn in the 14M structure that are largely different each other. Therefore, we had a great interest in the magnetic moments in the 14M structure. Some of the Mn moments calculated in the 14M structure are considerably smaller than that in the L2 1 structure. These small magnetic moments on Mn are examined in view of the densities of states (DOS) in the following.
Density of states
To understand the magnetic moments on Mn, it is significant to examine the interaction with neighbor atoms, At first, we pay attention to the Mn moments in parent phase of the L2 1 structure. Figure 3 shows the local DOS of Mn and its nearest neighbor atom (Ni) in the L2 1 structure. In this circumstance, Mn is surrounded by the eight Ni atoms and the magnetic moment on Mn is 3.25 B . The shape of Mn DOS has clear two peaks in majority (up) spin states, which is similar to that of the body centered cubic (bcc) Fe. The shape is one of the characteristics for the bcc transition metals.
Next, we turn our attention to the Mn moments in the martensitic 14M structure. The local DOS of Mn atoms are shown in Fig. 4 . We can see the different shapes of them in accordance with their different values of moments. The moments become smaller in the order of Mn1, Mn2, Mn3 and Mn4. Especially, the value of Mn3 and Mn4 are small, 2.38, 2.29 B , and these values are extremely small, compared with the values ever reported. To know the cause of the varieties of Mn moments in the 14M structure, the first neighbors of Mn atoms are examined. Table 3 shows their first neighbor atoms and interatomic distances between them. Any of the nearest neighbors of Mn is Ni and the number to distinguish the kinds of Ni corresponds to the number of their nearest neighbor Mn. Some of the distances in the 14M structure are shorter than their distances in the L2 1 structure. The local DOS of the first neighbors of Mn in the 14M structure are shown in Energy, E/aJ 
Discussion
As described above, the theoretical lattice constants of the both structures are smaller than the experimental constants and the magnetic moments on Mn are fairly small for the 14M structure. Then, we examine the lattice constant dependence of the magnetic moment, which is shown in Fig. 6 . The magnetic moment per f.u. and those of four types of Mn increase with increasing lattice constant. Their values at the theoretical and experimental lattice constants are summarized in Table 2 . The moments on Mn calculated in the 14M structure at the experimental lattice constant are about 10% larger than that calculated at the theoretical lattice constant. Their average value of the Mn moment is 2.96 B and this value is in good correspondence with the Brown's experimental value of 3.07 B . Considering this fact, we may as well evaluate the calculated values at the experimental lattice constant as the values of magnetic moments.
Conclusion
The total energies of Ni 2 MnGa are calculated for the 14M martensitic structure and for the L2 1 parent structure. The results prove the stability of the 14M structure as the martensitic phase against the parent phase.
In this calculation, the magnetic moment per formula unit obtained in the 14M structure is smaller than that of in the L2 1 structure. The magnetic moments in the 14M structure change sensitively with the lattice constant and the theoretical lattice constant is smaller than that of experiment, so we have to take into account the difference in lattice parameter to discuss the value of magnetic moment. At the experimental lattice constant, the average magnetic moments on Mn in the 14M structure is in good correspondence with the Brown's experimental value, although the calculated magnetic moment per f.u. is smaller than that of in the L2 1 structure. The obtained magnetic moments have the following features.
We found characteristic features of magnetic moments in the 14M structure in contrast with the L2 1 structure. There are four kinds of the magnetic moments on Mn which are fairly different in magnitude, each other. The small moments on Mn are caused by the approach of the nearest neighbors (Ni). The more the interatomic distance between Mn and Ni become shorter, the more the hybridizations of the d-states strengthen. The strengthened hybridizations bring the dstates broadening and the increase of the band tail (hole) in the up-spin states. As a result, the difference between the upspins and down-spins (the magnetic moment) decreases. In our calculation, the small magnetic moments on Mn in the 14M structure indicates the existence of Ni as their nearest neighbor in close range. A variety of magnetic moments on 
